ABSTRACT
INTRODUCTION
homogeneous starting materials, which ensures a reproducible phase segregation. In order to simulate 133 the aging effect undergone during the strongly endothermic step of TWS cycle, the oxide was treated 134 at 1300 °C in nitrogen or air for four hours. Other thermal treatment in air were made at 800 °C/4h, 135 and at 1100 °C. All the samples were cooled down in the atmosphere of treatment and exposed to air 136 at room temperature before of the reactivity tests. studies. 20, 23 The activity of Ce0.85Zr0.15O2, calcined at 1300 °C/4h either in N2 (CZ85_N2) or in air 140 (CZ85_air) was evaluated towards a two steps water splitting thermal cycle using two different setups.
141
Reduction degree of the material in N2/air atmosphere was measured in a thermogravimetric analyser
142
(Q600-TA Instruments). The thermally aged samples (25mg) were heated at 10°C/min in N2 flow
143
(100 ml/min) up to 1300°C. The oxygen released from the oxide was evaluated from the weight loss 144 observed during 80 minutes of isotherm at 1300 °C. The water splitting (WS) activity was evaluated 145 in a Micromeritics apparatus using the same method as described by Pappacena et.al. 27 Each sample
146
(50 mg) was previously reduced to obtain the same reduction degree achieved in the first endothermic 147 step by using a 5% H2/Ar flow and a heating ramp of 10 °C/min up to 700 °C. These conditions have with a thermal conductivity detector; the total H2 production was measured by calculating the H2 
RESULTS

201
Reactivity results. The endothermic step corresponding to the thermal reduction was for the two nitrogen-pretreated compositions after a few cycles. 27 To exclude the role of oxygen in 212 the promotion of H2 production observed from the 2 nd cycle, the same experiment was repeated 213 without oxidizing the samples with air at the end of each cycle, and the results are compared in Figure   214 S1.
215
Characterization results. values close to 1 m 2 /g after calcination at 1300 °C, regardless of the gas type used in the treatment.
219
Correspondingly, an increase of average crystallite size up to 40 nm with loss of porosity is found.
220
The structure of the samples was investigated at the nanoscale through XRD, Raman spectroscopy 221 and HRTEM. Figure 3 shows the Raman spectra of samples treated at 1300 °C before and after WS cycles. Figure   243 S2 shows also the spectra collected using excitation lines at 512 and 633 nm. bands, which is generally related to the asymmetry of the sites, increases after the cycles.
252 Figure 4A shows a HRTEM image of the sample treated in nitrogen at high temperature. The 253 crystallite labeled "a" corresponds to a single cubic CZ particle oriented along the [110] 254 crystallographic direction. Spots at 3.0 Å correspond to the cubic (111) planes. In contrast, the 255 crystallite labeled "b" shows a FT pattern exhibiting spots aligned at 2.5 and 5.1 Å as well as spots at 2.9 Å. The spots aligned at 2.5 and 5.1 Å are ascribed to the (400) and (200) 
277
In Figure 5A , U and V refer to cerium 3d3/2 and 3d5/2 spin-orbit components, respectively. U, U'',U''',
278
V, V'', and V''' refer to the final states of Ce 4+ , while U°,U' and V°,V' refer to those of Ce 3+ [25] .
279
The fitted peak areas were used to estimate the relative amount of Ce 3+ and Ce 4+ (see Table 2 ). The
280
O1s region is suitably fitted with two components ( Figure 5B ). The main component (peak 1) at about 281 529.5 eV is associated with the cerium-zirconium oxide matrix, while the component centered at 531.5 eV (peak 2) can be ascribable mainly to surface hydroxyl groups. 44 The signal N1s at 399.9 eV 283 ( Figure 5C ) confirmed the insertion of nitrogen into the surface of the CZ85_N2 and the formation of 284 a zirconyl oxynitride phase 27, 46, 47 In addition, the evidence of the same nitrogen peak on the CZ85_N2 
